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ABSTRACT 
 
 The aim of this study was to investigate the effect of feeding the 
commercial oil of Nigella sativa seeds on the serum glucose, insulin, 
cortisol and body weight of sheep. 
 Twelve male sheep (Hamary x desert breed) about 3-6 month 
age were divided into two groups C and T. Group C (control group) 
received commercial sheep ration, group T (treated group) received 
commercial ration with 4.7% commercial oil of Nigella sativa seeds.  
 The results showed that, at week 3 there was significantly 
(P<0.05) higher level of serum glucose  in group T compared to the 
control group, but at week 6 there was a significant (P<0.05) decrease 
in serum glucose level in group T compared to the control group. 
 At week 3 and 6 no significant difference observed in serum 
insulin and cortisol levels in group T compared to the control group. 
 The results showed a significant (P<0.05) increase in body 
weight gain in group T, whereas, the increase in the weight gain was 
not significant compared to time zero in the control group.   
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  ﺨﻼﺼﺔ ﺍﻷﻁﺭﻭﺤﺔ
ﻫﺩﻓﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺍﻟﻲ ﻤﻌﺭﻓﺔ ﺃﺜﺭ ﺍﻟﺘﻐﺫﻴﺔ ﺒﺎﻟﺯﻴـﺕ ﺍﻟﺘﺠـﺎﺭﻱ ﻟﺒـﺫﻭﺭ   
 ﻨﻲ ﺍﻻﻨﺴﻭﻟﻴﻥ ﻭﺍﻟﻜﻭﺭﺘﻴﺯﻭل ﻓـﻲ ﺍﻟﻜﻤﻭﻥ ﺍﻷﺴﻭﺩ ﻋﻠﻰ ﻤﺴﺘﻭﻱ ﺍﻟﺠﻠﻜﻭﺯ ﻭﻫﺭﻤﻭ 
  .ﺍﻟﻀﺄﻥ ﺇﻀﺎﻓﺔ ﺇﻟﻲ ﺘﺄﺜﻴﺭﻩ ﻋﻠﻰ ﻭﺯﻥ ﺍﻟﺠﺴﻡﻤﺼل 
×  ﺫﻜﺭ ﻀـﺄﻥ ﻤـﻥ ﺍﻟﻔـﺼﻴﻠﺔ ﺤﻤـﺭﻱ 21ﺃﺤﺘﻭﺕ ﻋﻴﻨﺔ ﺍﻟﺩﺭﺍﺴﺔ ﻋﻠﻰ   
 T ﻭC ﺃﺸﻬﻭﺭ ﺘﻡ ﺘﻘﺴﻤﻴﻬﻡ ﺇﻟﻲ ﻤﺠﻤـﻭﻋﺘﻴﻥ 6 – 3 ﺼﺤﺭﺍﻭﻱ ﻤﻥ ﻋﻤﺭ ﻤﺎ ﺒﻴﻥ 
 ﻫﻲ ﻤﺠﻤﻭﻋﺔ ﺍﻟﺘﺤﻜﻡ ﺃﻋﻁﻴﺕ ﺍﻟﻌﻠﻴﻘﺔ ﺍﻟﺘﺠﺎﺭﻴﺔ ﻟﻠﻀﺄﻥ Cﺤﻴﺙ ﻜﺎﻨﺕ ﺍﻟﻤﺠﻤﻭﻋﺔ 
 T ﺨﺎﻟﻴﺔ ﻤﻥ ﺍﻟﺯﻴﺕ ﺍﻟﺘﺠﺎﺭﻱ ﻟﻠﻜﻤﻭﻥ ﺍﻷﺴـﻭﺩ، ﺒﻴﻨﻤـﺎ ﺃﻋﻁﻴـﺕ ﺍﻟﻤﺠﻤﻭﻋـﺔ 
ﺒﺎﻻﻀﺎﻓﺔ ﻟﻠﻌﻠﻴﻘﺔ ﺍﻟﺘﺠﺎﺭﻴﺔ ﺯﻴﺕ ﺍﻟﻜﻤﻭﻥ ﺍﻷﺴﻭﺩ ﺍﻟﺘﺠـﺎﺭﻱ ( ﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻤﻌﺎﻟﺠﺔ )
  %.7.4ﺒﻨﺴﺒﺔ 
ﻭﻀﺤﺕ ﺍﻟﻨﺘﺎﺌﺞ ﻓﻲ ﺍﻷﺴﺒﻭﻉ ﺍﻟﺜﺎﻟﺙ ﺯﻴﺎﺩﺓ ﻤﻌﻨﻭﻴﺔ ﻓﻲ ﺘﺭﻜﻴﺯ ﺍﻟﺠﻠﻜـﻭﺯ ﺃ  
ﺃﻤﺎ ﻓﻲ ﺍﻷﺴﺒﻭﻉ ﺍﻟـﺴﺎﺩﺱ .  ﻤﻘﺎﺭﻨﺔ ﺒﻤﺠﻤﻭﻋﺔ ﺍﻟﺘﺤﻜﻡ T ﻓﻲ ﺍﻟﻤﺠﻤﻭﻋﺔ ﻤﺼلﺒﺎﻟ
 T ﻓـﻲ ﺍﻟﻤﺠﻤﻭﻋـﺔ ﺒﺎﻟﻤـﺼل ﻜﺎﻥ ﻫﻨﺎﻟﻙ ﺇﻨﺨﻔﺎﻀﺎﹰ ﻤﻌﻨﻭﻴﺎﹰ ﻓﻲ ﺘﺭﻜﻴﺯ ﺍﻟﺠﻠﻜﻭﺯ 
  .ﻤﻘﺎﺭﻨﺔ ﺒﻤﺠﻤﻭﻋﺔ ﺍﻟﺘﺤﻜﻡ
ﻫﺭﻤـﻭﻥ ﻤـﺴﺘﻭﻱ ﻓـﻲ ﻤﻥ ﻨﺎﺤﻴﺔ ﺃﺨﺭﻱ ﻟﻡ ﺘﻜﻥ ﻫﻨﺎﻟﻙ ﺯﻴﺎﺩﺓ ﻤﻌﻨﻭﻴﺔ   
 ﻤﻘﺎﺭﻨﺔ ﺒﻤﺠﻤﻭﻋﺔ ﺍﻟﺘﺤﻜﻡ ﻓﻲ ﺍﻻﺴﺒﻭﻋﻴﻥ Tﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻤﺼل ﻓﻲ ﺍﻻﻨﺴﻭﻟﻴﻥ ﻓﻲ 
  .ﺍﻟﺜﺎﻟﺙ ﻭﺍﻟﺴﺎﺩﺱ
 ﺍﻟﻤﺼلﻻ ﺘﻭﺠﺩ ﺃﻱ ﻓﺭﻭﻗﺎﺕ ﻤﻌﻨﻭﻴﺔ ﻓﻲ ﺘﺭﻜﻴﺯ ﻫﺭﻤﻭﻥ ﺍﻟﻜﻭﺭﺘﻴﺯﻭل ﻓﻲ   
  .ﻓﻲ ﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻤﻌﺎﻟﺠﺔ ﻤﻘﺎﺭﻨﺔ ﺒﻤﺠﻤﻭﻋﺔ ﺍﻟﺘﺤﻜﻡ
ﺭﻨـﺔ ﻜﺎﻨﺕ ﻫﻨﺎﻟﻙ ﻓﺭﻭﻗﺎﺕ ﻤﻌﻨﻭﻴﺔ ﻓﻲ ﺯﻴـﺎﺩﺓ ﻭﺯﻥ ﺍﻟﺠـﺴﻡ ﻋﻨـﺩ ﻤﻘﺎ   
، ﻭﺃﻥ ﺍﻟﺯﻴـﺎﺩﺓ ﻓـﻲ ﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻤﻌﺎﻟﺠﺔ ﻤﻊ ﻤﺠﻤﻭﻋﺔ ﺍﻟﺘﺤﻜﻡ ﻋﻨﺩ ﻨﻬﺎﻴﺔ ﺍﻟﺘﺠﺭﺒﺔ 
  .ﻭﺯﻥ ﺍﻟﺠﺴﻡ ﻓﻲ ﻤﺠﻤﻭﻋﺔ ﺍﻟﺘﺤﻜﻡ ﻟﻡ ﺘﺘﻐﻴﺭ ﺘﻐﻴﺭﺍﹰ ﻤﻌﻨﻭﻴﺎﹰ ﺨﻼل ﺍﻟﺩﺭﺍﺴﺔ
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INTRODUCTION 
 
 The plant sativa is a genre of three species: Nigella sativa L., 
Nigella damascene L. and Nigella arvensis L., it is an annual erect 
herb belongs to the family Ranunculaceae butter cup family 
commonly known as black cumin and locally as (habbat El Baraka). 
Seeds and seed oil are widely used in traditional medicine allover the 
Arab World. Prophet Mohammed, God pray upon him, mentioned its 
importance and described it as a potent remedy for every disease 
except death. It has therefore been extensively prescribed in the 
Islamic medicine by folk doctors i.e. Ibn Syna, Ibn Gheyam Eljawzia, 
Abobaker El Razzi and others (Mahran, 1967). 
 Nigella sativa seeds and seed derivatives exhibited insecticidal 
activity, antimicrobial activity, anti-inflammatory property, hypo-
glycemic activity, antispasmodic effect, analgesic activity and 
immunostimulant properties (Hailt et al., 1995). 
 Furthermore, it is a source of flavouring and preservative agent, 
so it is used as condiment in bread, cakes and cheese (El Sayed et al., 
1997).  
 Al Jassir (1992) showed that the seed component of amino 
acids were, arginine, methionine, lysine, glycine, leucine and glutamic 
acid. The major fatty acids in black cumin seeds oil are linoleic 60%, 
oleic 22% and palmitic 12% (Hama, 2002). The consumption of seeds 
and seeds oil might lead to very important changes in the normal body 
chemistry and this can be manifested as alteration in the biochemical 
measures such as its hypoglycemic effects by decreasing serum 
 2
glucose and increasing serum insulin of diabetic rats which reported 
by Kamal, (2006). 
          Lipids digestion and absorption in ruminants are manipulated in 
a different way compared to monogastric animals. This could affect 
the influence of N.sativa oil on carbohydrates metabolism. 
 The objective of this study was to investigate the effect of 
feeding the commercial oil of Nigella sativa on serum glucose, serum 
insulin, serum cortisol and body weight gain of sheep. 
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CHAPTER ONE 
LITERATURE REVIEW 
 
1.1 Nigella sativa (black seed) 
 The genus Nigella belongs to the botanical family Ranuculacea. 
Generally, it contains about 20 species of annual herbs, the most 
popular of which are Nigella sativa L., Nigella sativa damascene and 
Nigella arvensis L. (Peter, 2004). 
1.1.1 Botanical description 
 Nigella sativa is an annual herbeous plant and it is characterized 
by actinomorphic flowers, much divided and alternative rarely 
opposite leaves. Seeds of black cumin are triangular in shape, minute 
and black in colour and having an aromatic odour and taste         
(Andrews, 1950). 
1.1.2 Distribution of Nigella sativa   
 The plant is widely distributed in countries boarding the 
Mediterranean Sea, Middle Europe and Western Asia, while in Sudan 
it occurs naturally in Northern Sudan and Darfur State especially in 
Melliet and Jabel Marra (Andrews, 1990). The plant is successfully 
grown under low temperature and high humidity climates, so it is 
known as winter crop in Northern Africa and the Mediterranean; 
where it is cultivated in October and November (Gulb, 1980). 
1.1.3 Therapeutic effects of black cumin   
 Nigella sativa has been used for centuries, both as a herb and 
pressed into oil, by people in Asia, Middle East and Africa for 
medicinal purposes (Hatim, 1991). In Iranian traditional therapy the 
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seeds are believed to have galactagogue, carminative, laxative and 
antiparasitic properties (Amin, 1991; Zargari, 1990). 
 These seeds have been subjected to a range of pharmacological 
investigations in recent years. These studies have showed a wide 
spectrum of activities such as the antibacterial effect which was 
studied extensively in the last couple of decades (Ferdous et al., 1992; 
Hanafy and Hatem, 1991; Rathee et al., 1982). There are other studies 
which revealed the antitumour (David et al., 1998; Khan et al., 2003), 
anti-inflammatory (Houghton et al., 1995; Mutabagani and El Mahdy, 
1997; Haj Hashemi et al., 2004), antidiabetic (AlHader et al., 1993; 
Farah et al., 2002; El-Dakhakhny, 2002), spasmolytic and broncho-
dilatory (Gilani et al., 2001; Boskabady et al., 2004), antioxidant 
(Brutis and Bucar, 2000; Kanter et al., 2003), hepato-protective (Nagi 
et al., 1999; Al Ghamdi, 2003), antihyperlipidemic (El Dakhakhny    
et al., 2000), smooth muscle relaxant (Aqel, 1993; Aqel, 1995; Aqel 
and shaheen, 1996), cytotoxic and immunostimulant (Swamy and Tan, 
2000) and antiulcer effects (El Dakhakhny et al., 2000; El-Abhar       
et al., 2003). In various studies, the extract have showed in vitro and 
in vivo antimicrobial effects (Hanafy and Hatem, 1991). Moreover, it 
has been reported that the active ingredient of Nigella sativa, 
thymoquinone, inhibits Aspergillus niger (Al-Jabre et al., 2003), and 
has anti-cestodal effects (Akhtar and Riffat, 1991). It has been 
reported that when the oil was given alone, it reduced the number of 
Schistosoma mansoni worms in the liver and decreased the total 
number of ova deposited in both liver and small intestine (Mahmoud 
et al., 2002).  
 5
 There is a study in guinea pigs which revealed that any amount 
of Nigella sativa either seeds or oils consumed up to at least 4% of the 
diet will unsignificantly decrease the serum accumulation of 
cholesterol and total lipids, and significantly increases the serum 
accumulation of triglycerides (Hassanin and Hassan, 1996). It has 
been reported that Nigella sativa oil treatment in rats for up to twelve 
weeks induced changes in haemogram that include an increase in both 
packed cell volume (PCV) and haemoglobin (Hb), and decrease in 
plasma concentrations of cholesterol, triglycerides and glucose 
indicating  that some of these activities predominantly attributed to the 
volatile and fixed oils contents of Nigella sativa (Ali and Blunden, 
2003). 
1.1.4 Nigella sativa oil constituents 
 Black cumin seeds are rich in nutrients, organic compounds and 
vitamins. Babayan et al. (1978) have investigated the seed content of 
these compounds and reported that the protein content  is  about 21%, 
fat 35.5%, moisture 5.5%, ash 3.7% and the rest being total 
carbohydrates; the fixed oil content as 30 – 35.5% and volatile 
(aromatic) oil content as 0.8 – 1.1%. Aljassir (1992) showed that the 
seed component of amino acids are arginine, methionine, lysine, 
glysine, leucine and glutamic acid; and the fatty acids of Nigella 
sativa seed are linoleic acid, oleic acid and palmatic acid. The 
component Nigellin resembles to turpentine, is soluble in water as 
well as in alcohol, though not in ether. 
 Abdel Majeed and Hassan (1999) showed the seed content of 
minerals (part per million) in table (1). 
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Table (1): Mineral composition of Nigella sativa 
Mineral Part per million 
Ca 175.00 
Mg 122.00 
K 125.00 
Fe 24.10 
Mn 1.84 
Zn 2.00 
Na 70.00 
Co 0.17 
Cu 1.63 
  
                 According to Abdel Majeed and Hassan (1999) 
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  A study was carried out on the oil of Nigella sativa seeds    
from Bulgarian region, where the physiochemical characteristics, 
sterol, tocopherol and phospholipids compositions of the oil were 
determined. The seeds contained 37.67% oil, of which 2.5% 
unsaponifiable compounds, 0.9% phsopholipids, 0.2% sterols and 
177.1 mg/kg tocopherols (Perifanova et al., 2002).  
 Neelima et al. (2002) using gas chromatography - mass 
spectroscopy study of N. sativa (seeds) fatty oil purchased    from 
Madhya Pradesh, India found the presence of 26 compound which 
were identified as methylhept-6-enoate, 1-pheny-lhepta-2, 4-dione, 
pentadecane, hexadec-1-ene, 1-phenyldecan-2-one, octadec-1-ene, 
octadecane, methyl-penta decanoate, bis (3-chlorophenyl) ketone, di-
ethyl phthalate, ethyloctadec-7-enoate, methyl-octadecanoate, tricos-
9-ene, octadeca-9, 12-dienoic acid, hexa decanoic acid, methyl hexa 
decanoate, methyl octa dec-15 enoate, henicosan-10-one, 2-methyl 
octa decanoic acid, docos-1-ene, ethyl octadecanoate, methyl 
octadecanoate, pentacos-5-ene, 12-methyl tricosane, dibutyl phthalate 
and 2-methyl tetracosane. 
 The fatty acid composition of the fixed oil analyzed by gas 
chromatography revealed that it contains eight fatty acids which 
represented about 99.5% of the total fatty acid composition. The 
extract was consisted of four saturated fatty acids (17.0%) and four 
unsaturated fatty acids (82.5). Linoleic acid (55.6%), oleic acid 
(23.4%) and palmatic acid (12.5%) were the major components. The 
other fatty acids are stearic acid (3.4%), eicosadienoic acid (3.1%), 
lauric acid (0.6%), myristic acid (0.5%) and linolenic acid (0.4%). The 
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oil of Nigella sativa is so beneficial due to its content of over a 
hundred components such as aromatic oils, trace elements, vitamins 
and enzymes. It contains 58% of essential fatty acids including omega 
6 and omega 3. These are necessary for the forming of the 
prostaglandin E1 which balances and strengthens the immune system 
giving it the power to prevent infection and allergies and control 
chronic illnesses (Houghton et al., 1995). 
 Nickavar et al. (2003) showed the chemical composition of the 
volatile constituents of N. sativa oil analyzed by gas chromatography, 
mass spectroscopy (Table 2). Thirty two compounds constituting 
86.7% of the volatile oil were identified.  
1.2 Digestion of fats in ruminants 
 Fat is an important energy component in diet of ruminants and 
over the last decade fat supplementation has become a common 
practice to increase the energy density of the diet of ruminants. 
Following absorption, a major fate of fatty acids is their oxidation for 
energy. However, a second recent development is the recognition that 
specific fatty acids produced in the rumen also play a critical role as 
signaling molecules involved in the expression of specific genes and 
the regulation of metabolic processes (Bauman et al., 2003). 
1.2.1 The anatomy of ruminant stomach  
 Ruminants, so named because they ruminate (chew the cud), 
have a stomach that consist of non secretor forestomach and a  
secretor  stomach  compartment  (the  abomasum).  The  forestomach  
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Table (2): Chemical composition of the volatile constituents of 
Nigella sativa. 
Compound Percentage 
n-Nonane 1.7 
3-Methyl nonanane 0.3 
1,3,5-Trimethyl benzene 0.5 
n-Decane 0.4 
1-Methyl-3-propyl benzene 0.5 
1-Ethyl-2,3-dimethyl benzene 0.2 
n-Tetradecane 0.2 
n-Hexadecane 0.2 
Nonterperiod hydrocarbons  4.0 
α-Thujene 2.4 
α-Pinene 1.2 
Sabienene 1.4 
β-Pinene 1`.3 
Myrecene 0.4 
α-phellandrene 0.6 
P-Cymene 14.8 
Limonene 4.3 
δ-Terpinene 0.5 
Monoterperiod hydrocarbons 26.9 
Fenchone 1.1 
Dihydrocarvone 0.3 
Carvone 4.0 
Thymoquinone 0.6 
Monoterpenoid ketones 6.0 
Terpinen-4-01 0.7 
P-cymene-8-01 0.4 
Carvacrol 1.6 
Monoterperiod alcohols 2.7 
α-Longipinene 0.3 
Longifolene 0.7 
Sesquiterperiod hydrocarbons 1.0 
Estragole 1.9 
Anisaldehyde 1.7 
Trans-Anethole 38.3 
Myristicin 1.4 
Dillapiole 1.8 
Apiole 1.0 
Phenylpropanoid compounds 46.1 
Total compoeunds 86.7 
                According to Nickavar et al. (2003). 
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consists of three compartments (the reticulum, the rumen and the 
omasum) and serves as a fermentation vat for the microbial 
fermentation of the ingesta, mainly by hydrolysis and anaerobic 
oxidation. 
 The fermentation end products (volatile fatty acids, ... etc.) that 
the ruminant absorbs and uses as its prime metabolic substrates are 
quite different from the end product of digestion (glucose, ... etc.) in    
non ruminants (Dukes, 1993). Anatomically, the reticulum is 
approximately spherical, and the esophagus inters dorsomedially at 
the cardia. The reticular groove runs ventrally from the cardia to the 
reticular omasal orifice. The reticulum is partially separated from the 
cranial sac of the rumen by the ruminoreticular fold, which, even 
when contracted, leaves a large orifice between the reticulum and the 
rumen. For this and other reasons, the ruminoreticulum operates as a 
combined functional unit despite the clear anatomical differences 
between these two compartments. The rumen is divided into dorsal 
and ventral sacs by an incomplete partition formed by the cranial and 
caudal pillars and the right and left longitudinal pillars. The dorsal part 
is divided into the cranial sac line which lies between the 
ruminoreticular fold and the cranial pillar, the dorsal sac and the 
caudodrosal blind sac. In sheep the ruminoreticular fold is placed high 
in the forestomach and acts as the main barrier between the reticulum 
and the raft of the fiberous contents in the dorsal ruminal sac. The 
ruminoreticulum occupies the entire left side of the abdomen and, 
depending on the degree of stomach filling, also extends ventrally on 
the right side (Dukes, 1993). The omasum is kidney-shaped structure 
consists of many leaves (laminae) attached to the greater curvature 
with free edges parallel to and in contact with omasum canal. The 
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leaves bear small papillae, which further enhance the internal surface 
area ratio of the omasum. The abomasum consist of fundic, body, and 
pyloric regions. The ruminant stomach is highly vascularized, and the 
blood flow is greatly increased when the fermentation end products 
are being absorbed (Dukes, 1993). 
1.2.2 Ruminant dietary lipids 
 The term "lipid" refers to a broad class of substances that are 
insoluble in water or other aqueous solvents, but are soluble in organic 
solvents such as ether etc.  The major lipid constituents in ruminants 
nutrition are: 
-  Triglycerides which are the major lipid type found in cereal 
grains, oil seeds, animal fats, and byproduct feeds. 
- Glycolipids which are the major lipid type found in forage. 
-  Phospholipids which are minor component of most feeds, form 
the cell membrane of all animal cells and the surface of milk fat 
globules, also important in fat digestion in the small intestine of 
ruminants. 
- Free fatty acids which are major component of certain fat 
supplements and also the major form of transport of fatty acids 
in ruminant's blood. These free fatty acids are either saturated 
by having all the carbon atoms linked with single bonds, or 
unsaturated by having one or more double bonds (James, 2004). 
 Most of dietary lipids of ruminants are rich sources of C18 
unsaturated fatty acids (oleic, linoliec and linolenic) (Lough and 
Garton, 1968; Garton et al., 1972). All unsaturated fatty acids in 
naturally occurring plant lipid have only cis-double bonds. Trans- 
double bonds result from microbial modification of cis-double bonds, 
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or result from chemical hydrogenation. As hydrogen are added to 
unsaturated double bonds, they are converted to single bond resulting 
in conversion of unsaturated to saturated fatty acids. The first step in 
these hydrogenation processes is the conversion from cis-to trans-
orientation (James, 2004). Lipids available to a grazing animal are 
mainly in the form of mono and diacylglycerides (Leat and Harrison, 
1975). The dietary amount of lipids of grazing animals is about 5% of 
the total dry matter (Lough and Garton, 1968). The intake of dietary 
lipids is (20 – 30 g/d) in adult sheep, and about (100 – 150 g/d) in man  
(Leat and Harrison, 1975). 
1.2.3 The rumen microorganisms  
 The microbes in rumen consist mainly of a mixed, inter-
dependent population of bacteria (primary and secondary) but also 
yeast like fungi and protozoa. The majority of microbes, particularly 
the protozoa, are strictly anaerobic; therefore the main fermentation 
pathways are hydrolysis and anaerobic oxidation, involving the 
removal of hydrogen rather than addition of oxygen. Thus the ruminal 
environment has a great need for a variety of hydrogen-accepting 
reactions in order to re-oxidize reduced co-enzymes, such as: 
NADPH + H+  NADP + 2 [H] 
 Only in exceptional circumstances is the potential hydrogen 
liberated as gaseous hydrogen (Dukes, 1993). The rumen provides a 
suitable environment with generous food supply for microbes to grow 
and reproduce. The absence of oxygen in the rumen favours the 
growth of some particular species of bacteria (Michel et al., 2004). 
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1.2.3.1 Lipids from microorganisms 
 Microorganisms provide the animal with carbohydrates, lipids, 
proteins and vitamins. The amount of lipids provided by micro-
organisms is 10 – 20% of the total lipid of the rumen. Three quarter is 
protozoal in origin and the remaining quarter is bacterial lipid 
(Hoogenrad and Hird, 1970). The microbial lipids are composed 
mainly of phospholipids (70%), where linoliec and branched chain 
fatty acids are the main fatty acids present in these phospholipids. In 
sheep fed on hey and concentrates, 16 grams of lipids were found to 
be provided by microbial organisms from the rumen (Sutton et al., 
1970). 
1.2.4 Lipid digestion along the elementary tract  
 Chewing of food by rumination mixes it with saliva (buffer) 
and reduces particle size of fiber. The food passes rapidly down the 
esophagus, and enters the reticulorumen, where digestion of dietary 
lipids starts by the action of microbial lipases (Hungate, 1966). 
1.2.4.1 Reticulorumen (hydrolysis and bio-hydrogenation)  
 The digestion of dietary lipids which occurs as structural lipid 
in leaves of forage plants and as storage lipids in oil seeds starts by the 
action of microbial lipases which hydrolyze the ester linkage found in  
triglycerides, phospholipids and glycolipids. Rumen hydrolysis has 
been most extensively characterized in Anaerovibrio lipolytica    
which hydrolyzes triglycerides and Butyrivibrio fibrisolvens which 
hydrolyzes phospholipids and glycolipids (Harfoot and Hazlewood, 
1997). The extent of hydrolysis is reduced as the dietary level of fat is 
increased (Beam et al., 2000) or when factors such as low rumen pH 
and ionophores inhibit the activity and growth of bacteria (Demeyer 
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and Doreau, 1999). Rumen bacterial lipases are non selective and 
hydrolyze esterified lipids into their components mainly unsaturated 
C18 fatty acids, glactose and glycerol (Leat and Harrison, 1975). 
 Bio-hydrogenation of unsaturated fatty acids is the second 
major transformation that dietary lipids can undergo in the rumen. It 
requires a free fatty acid to proceed and as a consequence, its rate is 
always less than that of hydrolysis, and factors that affect hydrolysis 
also impact bio-hydrogenation (Harfoot and Hazlewood, 1997). The 
major substrates are linolenic acid (18:3; cis-9, cis-12, cis-15) and 
linoleic acid (18:2; cis-9, cis-12), which represents the predominant 
fatty acid in cereal grains and seeds (Van, 1982). The rate of rumen 
bio-hydrogenation of fatty acids is typically faster with increasing 
unstauration. For most diets linoleic acid and linolenic acid are 
hydrogenated to the extent of 70 – 95% and 85 – 100%, respectively 
(Beam et al., 2000). The rumen bacteria involved in bio-
hydrogenation have been classified into two groups, A and B, based 
on their metabolic pathways (Kemp and Lander, 1984). To obtain 
complete bio-hydrogenation of polyunsaturated fatty acids (PUFA), 
bacteria from both groups are generally required (Fig. 1). Although 
group A contains many bacteria that can hydrogenate PUFA to trans 
18:1 fatty acids, only a few species of group B can hydrogenate a trans 
18:1 fatty acid to stearic acid (Harfoot and Hazlewood, 1997). Two 
key bio-hydrogenation intermediates are trans-11 18:1 (vaccenic acid) 
formed from linoleic and linolenic acids and cis-9, trans-11 
conjugated linoleic acid (CLA) formed in the bio-hydrogenation of 
linoleic acid. This is of special importance because cis-9, trans-11 
CLA is among the most potent naturally occurring anti-carcinogens 
(Lock  and  Bauman,  2003).  Glycerol  and  glactose  are fermented to  
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Figure (1): Bio-chemical pathways for the bio-hydrogenation of 
linoleic and linolenic acids in the rumen.  
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volatile fatty acids which absorbed from rumen wall (Leat and 
Harrison, 1975).  
1.2.4.2 Omasum (recycling of some nutrients) 
 Here the absorption of water, sodium, phosphorus and residual 
volatile fatty acids takes place (Michel et al., 2004). 
1.2.4.3 Abomasum 
 The secretion of strong acids and digestive enzymes takes place 
here. Also, digestion of some proteins and lipids that are not 
fermented in the rumen, and  digestion of bacterial proteins produced 
in the rumen. The free fatty acids of abomasal contents are mainly 
saturated in character, as a result of bio-hydrogenation in the rumen 
(McCarthy, 1962).  
1.2.4.4 Small intestine 
 This is the primary site for absorption of the fatty acids. 
However, the profile that reaches the intestine will be very different 
from what the animal has consumed. This is because of the extensive 
bio-hydrogenation that occurs in the rumen as a result of bacterial 
activities (James, 2004). In ruminants, because of lipolytic activity of 
rumen microorganisms most of dietary fat is already in the form of 
free fatty acids before reaching the upper small intestine, where 
pancreatic juice can act (Garton, 1960). Nevertheless, it has been 
shown that both bile and pancreatic juice are necessary for optimum 
fat absorption in the sheep (Heath and Morris, 1964). McCarthy, 
(1962) reported that there is an increase in instauration in the fatty 
acids of the small intestinal contents. It has been suggested, on the 
basis of in vitro experiments, that the source of this unsaturated fatty 
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acids may be biliary and pancreatic secretion (Leat, 1965). Duodenal 
digesta showed an increase in phospholipids and free fatty acids, 
which originate from bile lipids (1500 mg/100 ml) the majority of 
which is phosphotydylcholine (95%) (Leat and Harrison, 1975). 
Biliary phospholipids that enter the small intestine of sheep per day 
equal to 10 – 15 gm (Garton, 1969). 
1.2.4.5 Caecum (fermentation) and large intestine 
 Unsaturated fatty acids, if any passed to the caecum, will be 
hydrogenated by the small microbial population, and then the water 
absorption and feces formation takes place (Leat and Harrison, 1975). 
1.2.5 Absorption of lipids from the digestive tract 
 The end products of lipid digestion are taken up by intestinal 
mucosal cells and transported to lymphatic ducts and blood stream. 
Absorption of lipid in ruminants occurs in acidic medium (pH 2.8 – 6) 
(Lennox et al., 1968; Leat and Harrison, 1975). 
 The key to absorption of fatty acids for both ruminants and non-
ruminants is formation in the intestine of complexes called micelles, 
which are bi-layer discs consisting of bile salts (secreted in bile from 
the liver into the intestine by way of the gall bladder), phospholipids, 
and the insoluble lipids in the middle. Micelles are needed to move the 
fatty acids to the surface of the intestinal cells where they can be 
absorbed into the cells. In ruminants, there is a compound called 
lysolecithin produced from the lecithin by the action of the enzyme 
phospholipase, which is an extremely efficient emulsifier particularly 
for saturated free fatty acids (James, 2004). 
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1.2.6 Transport of dietary lipids 
 After absorption of fatty acids into intestinal cells, the fatty 
acids are reconverted to triglycerides by combining with glycerol 
produced from metabolism of blood glucose. The triglycerides are 
packaged into lipoprotein particles (chylomicrons or very low density 
lipoproteins, VLDL) in combination with cholesterols, phospholipids, 
and specific proteins called apo-proteins serve to direct the trafficking 
and use of the lipoproteins triglycerides (James, 2004). Chylomicrons 
composed mainly 83% triglycerides, 7% cholesterol, 7% phosphor-
lipids and 1% protein (Scott, 1975). Chylomicrons are characterized 
by the high proportion of stearic acids (5.6 – 7.9 g) of chylomicron-
lipids transported daily from the gut of sheep (Garton, 1960). Because 
these lipoproteins are too large to pass directly into the venous blood 
stream draining the intestinal cells, they are secreted into the lymph, 
which is delivered back into the blood stream near the heart. Lymph 
lipids contain 67 – 79% triglycerides and 16 – 22% phospholipids 
with minor amounts of cholesterol and free fatty acids. The ratio of 
triglycerides to phospholipids in ruminants is 2.7:3.3 (Leat and 
Harrison, 1975). After the blood is oxygenated through the lungs, then 
the lipoprotein particles are delivered to various organs of the body 
such as the mammary gland, muscle, and heart that can use the 
triglycerides. Triglycerides in chylomicrons or VLDL are broken 
down to free fatty acids by an enzyme called lipoproteins lipase that is 
found in the capillaries of these tissues. The free fatty acids then enter 
the cells where they can be formed back into triglycerides (such as 
milk fat) or burned to release energy that can fuel cell functions (such 
as contraction in  skeletal or heart muscle. The dietary fats do not 
reach the liver directly, in contrast to other absorbed nutrients like 
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amino acids or propionate. Consequently, dietary fats do not 
contribute appreciably to fat accumulation in the liver (fatty liver). 
Fatty liver results from the accumulation of triglyceride driven by 
extensive mobilization of Non Esterified Fatty Acids (NEFA) from 
adipose tissue during negative energy balance, and the conversion of 
Non Esterified Fatty Acids (NEFA) back to triglyceride in the liver. In 
ruminants animals, oxidative or fuel use of long chain fatty acids is 
more limited than in most non-ruminants. This may be due, at least 
part, to abundance of acetic acid from rumen fermentation. Acetate 
(the salt form of acetic acid present at normal body pH) is the most 
abundant oxidative fuel in ruminants and seems to be more actively 
taken up and prepared for fuel use than long-chain fatty acids. 
Consequently, the main use for fatty acids from dietary fats and oils 
will be for triglyceride synthesis. The small amounts of Poly-
unsaturated Fatty Acids (PUFA) that escape the rumen without being 
hydrogenated are very important for proper structure of membranes. 
Intestinal cells primarily attach absorbed Polyunsaturated Fatty Acids 
(PUFA) to phospholipids and cholesterol esters rather than 
triglycerides. In this way, the Polyunsaturated Fatty Acids (PUFA) are 
protected from being burned for energy and instead are incorporated 
into cell membrane phospholipids. Here, they maintain normal 
structure and function of cell membranes. They also can be released 
and converted into important signaling molecules such as 
prostaglandins and leukotrients (James, 2004). 
1.3 Effect of Nigella sativa on serum glucose and insulin level 
 Nigella sativa was found to rank high among the most 
recommended plants against diabetes in a recent survey of Moroccan 
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herbalists (Haddad et al., 2003). The Moroccan group also recently 
showed that a daily gavage with a hexane extract of Nigella sativa 
seeds in Wistar-kyoto rats for 12 weeks reduced serum cholesterol, 
triglycerides and glucose (Zaoui et al., 2002). Al-Awadi et al. (1991) 
also reported the use of a plant mixture containing Nigella sativa, 
Myrr, Gum Olybanum, Gum Asafoetida and Aloe by diabetics in 
Kuwait. They confirmed the blood glucose lowering effect of N. 
sativa, in combination with other herbs in rats. The mechanism of 
action was later investigated and appeared to be due to the inhibition 
of hepatic gluconeogenesis without affecting plasma insulin or 
intestinal glucose absorption. The volatile oil of N. sativa alone also 
produced a significant hypoglycemic effect on normal and alloxan-
induced diabetic rabbits without changes in insulin levels (Al Hader   
et al., 1993). The hypoglycemic effect of Nigella sativa in combina-
tion with other herbs on alloxan-induced diabetic rats was also 
reported (Eskander et al., 1995; El Shabrawy et al., 1996). Further-
more, Bomasa et al. (1997) reported a significant decrease in blood 
sugar of healthy human volunteers treated with 1 gram of N. sativa 
capsules twice daily.  
 In rats, an aqueous extract of the seeds of Nigella sativa was 
administered orally under light ether anesthesia for 7 and 14 days. 
Blood glucose and serum insulin level in both treated groups for 7 and 
14 days were compared with a control group which received normal 
saline under identical conditions for 14 days and with a group of 
normal animals. The data obtained indicated that blood glucose level 
exhibited significant decrease in both treated groups after 7 days and 
14 days. Significant increase in serum insulin levels were recorded 
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specially after 7 days post treatment (Ezzat, 1994). Recently, El-
Dakhakhny et al. (2002) presented evidence for hypoglycemic action 
of the volatile oil in streptozotocin-treated rats, but neither the oil nor 
the constituents, such as thymoquinone or negillone, affected insulin 
secretion from isolated pancreatic islets. This suggests that the plant 
may be acting to increase peripheral insulin sensitivity or glucose 
utilization, or to decrease intestinal glucose absorption. Response to 
insulin was evaluated in hepatocytes isolated from rats of all groups 
by western blot analysis of phosphorylated MAPK P44/42 erk and 
PKB (insulin responsive kinases). In vivo Nigella sativa treatment 
resulted in greater dose-dependant activation of MAPK and PKB in 
response to insulin. These results, demonstrated that in vivo treatment 
with the petroleum ether extract of N. sativa exerts an insulin-
sensitizing action by enhancing the activity of the two major 
intracellular signal transduction pathways of the hormone's receptor. 
The MAPK P44/42 erk is well known to be stimulated by insulin and 
to participate in the stimulation of cell proliferation and protein 
synthesis induced by the hormone (Virkamaki et al., 1999). Another 
important signal transduction pathway (PKB) stimulated by insulin 
and responsible for its metabolic effects, notably for enhanced glucose 
transport in skeletal muscle (Tirosh et al., 2000). In the liver, both 
kinase pathways have been implicated in the activation of glycogen 
synthesis by insulin (Carlsen et al., 1997). This is important since the 
resistance of peripheral tissues to insulin is well known to be the basis 
for the development of type 2 diabetes (Shulman, 1999).  
 Ahmed (1999) reported the hypoglycemic effects of the volatile 
oil of Nigella sativa seeds in rabbits, that the administration of 250 
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mg/kg BW to fasting normal and alloxan diabetic rabbits produced 
significant hypoglycemic effects. These effects were consistent and 
time dependent. In normal animals, 15 and 23% decrease, and in 
diabetic rabbits 12 and 21% decrease  in fasting plasma glucose levels 
were detected 4 and 6 h after treatment, respectively. The administra-
tion of the volatile oil did not alter basal insulin levels in all animal 
groups, which might suggest a non-insulin mediated mechanism of 
action for the hypoglycemic activity. 
 A/Albagi (2005) reported that feeding 15% of black cumin to 
normal and diabetic rabbits leads to non-significant reduction in 
glucose, total lipids, total cholesterol, phospholipids, triacylglycerols 
and very low density lipoprotein cholesterol compared to the control 
groups.   
However, oral administration of water extract of Nigella sativa       
(30 ml/kg BW) significantly decreased serum glucose of diabetic rats 
from 19.8 to 9.7 mmol/L and increased serum insulin from 0.5 to 0.7 
ml U/L. The results suggested that there is a beneficial role of Nigella 
sativa as hypoglycemic agent, and it protects against pancreatic B-cell 
damage, by decreasing oxidative stress and preserving pancreatic B-
cell integrity and also suggest that the anti-diabetic effect of Nigella 
sativa may be attributed to increased glucose metabolism (Kamal, 
2006). 
The mechanisms of the hypoglycemic effects of Nigella sativa 
was studied by Farah et al. (2004). They used alloxan induced diabetic 
hamsters and treated with Nigella sativa at dose of 400 mg/g BW, 
they found that Nigella sativa oil reduced blood glucose from 391 
mg/dl before treatment to 325, 246, 208 and 179 mg/dl after the first, 
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second, third and fourth weeks of treatment, respectively. The studies 
suggest that hepatic glucose production from gluconeogenic 
precursors was significantly lower in treated hamsters, hence the 
hypoglycemic effect of Nigella sativa was suggested to be due to at 
least in part, a decrease in hepatic gluconeogenisis and from a 
stimulatory effect on beta cell function with consequent increase in 
serum insulin level. Also they studied insulinotropic properties of 
Nigella sativa oil; where after oral treatment with Nigella sativa, 
significant increase in serum insulin levels were observed. Farah 
(2001) found that feeding different doses of Nigella sativa (0, 10, 15 
and 20%) to rabbits mixed with their feed, for six weeks was slightly 
but gradually decreased serum glucose level in all treated groups; the 
reduction was obvious in the group that fed 15% Nigella sativa. 
Sinada, (2007) investigated the effect of feeding crushed Nigella 
sativa seeds on plasma glucose, serum insulin and cortisol levels and 
live body weight of broiler chicks for six weeks; where hundred one 
day old broiler chicks were allotted randomly to three groups A, B and 
C. Group A received commercial ration (control), group B received 
commercial ration with 0.25% crushed Nigella sativa seeds, group C 
received commercial ration with 0.75% crushed Nigella sativa seeds. 
The results showed that at week 6 there was a significant decreased in 
blood glucose levels and significantly higher levels of insulin in group 
B and C compared to the control group.   
1.4 Effect of Nigella sativa on serum cortisol 
 Sinada, (2007) used crushed Nigella sativa seeds mixed with 
commercial ration fed to broiler chicks in doses (0, 0.25 and 0.75%) 
for six weeks. The levels of serum cortisol were non-significantly 
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different in the treated groups compared to the control group. The 
effect of Nigella sativa on serum cortisol level was studied by Kalus  
et al. (2003) in 152 patients with allergic disease. Treatment with 
Nigella sativa oil capsules at dose of 40 to 30 mg/kg BW/day didn’t 
alter cortisol levels. Kamal, (2006) used oral water extract of Nigella 
sativa in rats at dose of 30 ml/kg BW, and reported decrease in serum 
cortisol levels. 
1.5 Effect of Nigella sativa on body weight 
 Body weight is an important indicator of general health. The 
fixed oil of Nigella sativa was found to slow growth rate of normal 
rats (Zaoui et al., 2002). Another studies showed that N. sativa 
aqueous extract normalized body weight in the obese diabetic rats 
(Labhal et al., 1997; 1999). Nigella sativa were also fed orally to 7 old 
broiler chicks at 20 and 100 g/kg of diet for 7 weeks, without adverse 
effect on growth (Alhomaidan et al., 2002). Another three studies with 
regard to the influence of Nigella sativa on growth were carried out 
with broilers over a period of 35 days, where Nigella sativa 
supplement (10/20 g/kg BW) was supplemented orally. At the end of 
the study, broilers body weight did not show any differences between 
the control animals and the groups that fed Nigella sativa (Brake, 
2004). Similarly, Sinada (2007) found recently that the live weight 
gain in broilers chicks was not affected by crushed Nigella sativa 
seeds mixed with commercial ration compared to the control group. 
1.6 Blood glucose 
 Glucose is a fuel substance used by most tissues under normal 
circumstances. In times of need, glucose is readily synthesized from 
non-carbohydrate sources (Hazelwood, 1986a). Glucose is the only 
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substrate employed for energy purposes by certain tissues, although 
these tissues frequently switch to other substrate under stress 
conditions (e.g. brain tissues). Certain tissues (neural, retina and 
adrenal medulla) require glucose as their only substrate for 
maintaining normal function. 
 The healthy brain will require about 69 mg/hour of glucose. 
Because the demand for fuel is constant and our ability to deliver it is 
intermittent (due to largely tour meal eating habits), we must relay on 
a highly integrated series of regulatory mechanisms to sustain normal 
tissues cell activity. Glucoregulation therefore, is essential for the 
foregoing reasons in all animals and birds (Hazelwood, 1986b). 
1.7 Insulin 
 Insulin is produced by the beta cells of the islets of langerhans 
in the endocrine pancreas. The islets contain glucagon, secreted by A-
cells, and F cells or D cells which secrete pancreatic polypeptide. Β-
cells compose 60 – 80% of the islets. Insulin consists of two 
polypeptide chains, both chains derived from a single prohormone 
(proinsulin). Proinsulin being package into secretory vesicles. 
Secretory vesicles (proinsulin) undergoes proteolysis by many 
enzymes, that yields insulin (Brain et al., 2001). 
 Insulin has a diversity of actions on a range of tissues, the chief 
of which are liver, muscle and adipose tissues. Two broad categories 
of types of action may be recognized. It acts as a growth factor to 
promote cellular growth and differentiation, and it plays a central role 
in the regulation of intermediary metabolism. These two types of 
effects are mediated by the binding of insulin to its receptor which is  
found in the plasma membranes of all responsive tissues. Insulin act 
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directly on muscle and adipose tissues to increase their ability to take 
up glucose, thereby reducing the circulating concentration of blood 
glucose. Insulin also promotes the storage of glycogen in muscle and 
liver; in the later tissue it inhibits the conversion of glycogen into 
glucose and the process of gluconeogenesis. The action of insulin on 
lipid metabolism is by inhibiting the release of fatty acids and glycerol 
from adipose tissue and liver; in the latter tissue the hormone 
promotes the synthesis of fatty acids and hence its export in the form 
of triacylglycerols, also the hormone converts glucose to glycerol-3-
phosphate and the conversion of this intermediate into triacylglycerols 
(Brain et al., 2001). 
 Inhibition of lipolysis arises because insulin acts to reduce the 
activity of hormone-sensitive lipase which catalyses the hydrolysis of 
triacylglycerol. Insulin promotes the uptake of amino acids into 
muscle (also liver) (and hence protein synthesis) and act to inhibit 
proteolysis. Although insulin is antigluconeogenic in birds, but not 
antilipolytic (Brain et al., 2001). 
 The brain is particularly sensitive to glucose deficiency and 
nervous system dysfunction is seen. Initially confusion nervousness, 
trembling and hyperexcitability may be seen. The body itself combats 
hypoglycaemia through the release of insulin antagonistic hormones 
like catecholamines, glucagons, glucocorticoids and growth hormone. 
 Insulin deficiency is characterized by increased catabolism. The 
breakdown of glycogen and the decreased utilization of glucose in 
peripheral tissues lead to hyperglycemia. There is increased protein 
breakdown, and the increased release of amino acids fuels gluconeo-
genesis. Finally lipolysis leads to an increased fatty acid which 
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transfered to the liver resulting in fatty liver and ketoacidosis (Brain   
et al., 2001). 
1.8 Cortisol  
 For many years cortisol has been referred to as a 'stress 
hormone' which is unfortunate because there are many grounds for 
thinking of it as just the opposite, an anti stress hormone. Cortisol 
produced from the adrenal cortex, which constitutes approximately 80 
– 90% of the mass of adrenal gland. The parenchymal cell of the 
cortex also called corticocytes, are the source of the various steroid 
hormones produced by the gland. The hormones produced are 
represented in each of the three major groups of steroid hormones: 
glucocorticoids, mineralocortoid and androgens. The most important 
glucocorticoids is the cortisol (Brain et al., 2001), which synthesized 
from cholesterol. The levels are regulated by negative feed back 
system that depends upon interactions between a functional 
hypothalamic – pituitary – adrenal axis and the associated hormones. 
The most important components of this feedback system are 
corticotrophin releasing hormone CRH, adrenocorticotrophin hormone 
ACTH and cortisol. These are affected by the central nervous system 
or by other hormonal factor. In animals that are active during daylight 
the levels may be several times greater during the early daylight hours 
than during the late hours of daylight. All forms of stress, whether due 
to physical, chemical, thermal, microbial, or other factors, stimulate 
the hypothalamus to secrete corticortrophin releasing hormone CRH. 
Stress induced secretion of CRH is up to 20-fold. 
 The more important effects of glucocorticoids are those related 
to the metabolism of energy substrates. Glucocorticoids protect the 
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body from hypoglycemia during the post absorptive phase of digestion 
and during period of stress. In this regard, it promotes the output of 
hepatic glucose by stimulating glycogenolysis, enhance the effect of 
glucagons and epinephrine on glucose availability and inhibit the 
effect of insulin (Roland et al., 1998). Glucocorticoids stimulate the 
catabolism of protein, this lead to a negative nitrogen balance and 
increase in the urinary urea. Simultaneously inhibiting cellular uptake 
of amino acid, lead to increase amino acid in the circulation, and 
increase proteolysis in all tissues except the liver (uptake of amino 
acid and protein synthesis). Glucocorticoids are weak lipolytic agents 
that mobilize fatty acid from adipocytes and inhibit the uptake of fatty 
acids. 
 Cortisol antagonizes the effect of insulin on muscle, adipose 
tissues and liver and enhances the effect of glucagons and 
epinephrine. 
 Glucocorticoids cause wasting and atrophy of muscle tissues 
due to their catabolic effect. Glucocorticoids required for normal renal 
function and water metabolism, because cortisol have some inherent 
mineralo-corticoids activity, due to its ability to bind to the 
mineralocorticoids receptors. Glucocorticoids most widely used as 
therapeutic agents due to their anti-inflammatory and immuno-
suppressive properties. Gluco-corticoids powerfully inhibit immune 
process including: secretion of cytokines produced by macrophages, 
helper T-cell, proliferation of immune cell, synthesis of antibody and 
cell mediated and humeral immune response. Hyper secretion of 
cortisol may result from tumours of adrenal gland, or tumors of the 
pituitary gland (rarely of the hypothalamus). 
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 Hyper secretion of glucocorticoids result in depression of the 
defense mechanism of animals, and the animals are more susceptible 
to infection. Also polyuria and polydipsia are clinical signs associated 
with hyper secretion of glucocorticoids in animals. Hypo secretion 
may be due to destruction of adrenal gland leading to hypotension and 
hypoglycemia. Hypo secretion of gluco-corticoids impairs the ability 
of kidneys to excrete a water load (Cheekes, 2005). 
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CHAPTER TWO 
MATERIALS AND METHODS 
 
 This experiment was carried out at Biochemistry Department, 
Faculty of Veterinary Medicine, University of Khartoum from March 
2007 to May 2007. 
2.1 Experimental animals 
 Twelve, male sheep (Ovis aries) (Hamaray X desert breed) 
were used in this experiment, all animals were about 3 – 6 month age. 
Nine animals were brought from Khartoum University Farm and the 
rest brought from Abozaid market. The animals were divided into two 
groups of similar weight [control (C) and treated (T)] with an overall 
weight of   113 kg for each group. Body weight was measured twice, 
pre and post experiment. Animals were kept in closed system housing 
with individual feeding troughs and left for 2 weeks for adaptation. 
The cages were disinfected by cypermetherine 2 ml/l conc., and the 
animals were washed by the same disinfectant 1 ml/l con. The animals 
were injected a broad spectrum antiparasitic drug intermectin 
(ivermectin 1%, Holland), at a single dose of 0.5 ml s/c per head. Also 
a broad spectrum antibiotic oxytetracycline (Rasomycin PVT, LTD, 
Lahore – Pakistan) 1/M injection was injected at a 10 mg/kg BW, 
daily for 3 days. All animals were given multi vitamins and minerals 
powder manufactured by Arab Veterinary Industrial Co. (AVICO) 
Jordan.  
2.1.1 Feeding programme 
 Animals were offered cattle feed pellets produced in Kenana 
Sugar Company Ltd, Sudan, and composed of sorghum, molasses, 
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wheat bran, groundnut cake, bagasse, calcium salts, urea and sodium 
chloride, which is formulated to exceed the nutrient requirement of 
sheep. The proximate analysis of the cattle feed pellets is presented in 
table (3). Moreover, the alpha alpha and water were available ad 
libitum. For the first two weeks of experiment animals were fed the 
concentrate early in the morning as 1 kg/animal/day during the 
adaptation period and throughout  the experimental period. The treated 
group was given Kenana ration mixed with 4.7% commercial oil of 
Nigella sativa. The viability of seeds was confirmed by the 
germination test according to Ista (1976). Briefly, the germination rate 
must be at least 85% in order for seed to be certified. 
Procedure 
1. Hundred seeds were selected randomly and distributed into 4 
Petri-dishes (25 seeds in each) contained filter paper moist with 
distilled water.  
2. The Petri-dishes were incubated at 20oC for 7 days. 
3. In the 4th day, the normal seedling that developed were counted. 
4. At the end of the 7th day, the final count was done as follows: 
normal seedling, abnormal seedling and dead seedling. 
5. All the four sets of germinated seeds should have a germination 
rate of at least 85%. 
6. A germination rate of 85% is 85 normal seedlings for all sets of 
100 seeds. 
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Table (3): The proximate analysis of cattle feed pellets  
 
Ingredient Percent 
DM 87.6*.1 
CP 17.5 
CF 11.9 
C fat 2.3 
Ash 11.1 
ME 10.5*2 
 
According to Kenana Sugar Company Ltd (2007), Sudan, Khartoum. 
*1 On dry matter basis 
*2 Metabolizable energy per megajoul per kg dry matter 
MJ/kgDM 
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The percentage of Nigella sativa oil is determined by the 
difference between the highest level of fats in ruminants diet (7%) 
according to Bauman, (2003) and the crude fat percentage in Kenana 
feed (2.3%).  
 7% - 2.3 % = 4.7% 
4.7 
100 X 1000 g (one kilogram) = 47 g of N. sativa commercial oils 
  
2.2 Samples collection 
 Fasting blood samples were collected early in the morning  
from the jugular vein of the animals using plain vacuatainers (tubes). 
After collection, vacuatainers were left overnight and then centrifuged 
to separate the serum which used later to estimate levels of glucose, 
insulin and cortisol. Serum samples were preserved frozen until 
analyzed. 
 Samples were taken at time zero, day 12 and day 42 of the 
experiment. 
2.3 Biochemical measurements 
2.3.1 Serum glucose concentration 
Glucose concentration was determined according to Tietz, 
(1995) using the enzymatic colorimetric method as Glucose kit 
(Linear Chemicals, Spain). 
Principle 
      The glucose is oxidized to D- gluconate by the glucose oxidase 
(GOD) with the formation of hydrogen peroxide. In the presence of 
peroxidase (POD), a mixture of phenol and 4- aminoantipyrine (4-
AA) is oxidized by hydrogen peroxide, to form a red quinoneimine 
dye proportional to the concentration of glucose in the sample.  
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Β- D- Glucose + H2O + O2            GOD             D- Gluconate + H2O2  
4- AA + phenol           H2O2              quinoneimine + H2O 
                                        POD 
Reagents  
- phosphate buffer (pH: 7.0)…………… 100 mmol/L 
- glucose oxidase………………………10 KU/L. 
- peroxidase…………………………....2 KU/L 
- aminoantipyrine……………………...0.5 mmol/L 
- phenol………………………………...5 mmol  
- glucose as standard solution………...5.55 mmol/L 
Assay 
       One ml of the working reagent was pipetted into test tubes. 10µl 
of the standard were added to one tube and 10µl of each sample were 
added to the rest. All were mixed and incubated at room temperature 
for 10 minutes. 
One cuvette containing only working reagent was used as blank 
for zero adjustment of the colorimeter with wavelength of Hg 500 nm 
and optical path of 1 cm. The absorbance of the samples and standard 
was measured against the reagent blank to determine the optical 
density. 
 Calculation 
O.D sample Serum glucose concent. (mmol/L)= O.D standard X standard concentration 
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2.3.2 Hormonal assay 
2.3.2.1 Estimation of cortisol  
Cortisol level was determined using Enzyme Linked Immuno-
sorbent Assay (ELISA) (DRG diagnostics, Germany) according to 
Thomas, (1968). 
   Principle 
The ELISA kit is a solid phase enzyme- linked immunosorbent 
assay based on the principle of competitive binding. 
Microtiter wells coated with monoclonal antibody directed 
towards an antigenic site on the cortisol molecule were used. 
Endogenous cortisol of the sample competes with cortisol- horseradish 
peroxidase conjugate for binding to the coated antibody. After 
incubation the unbound conjugate washed off. The amount of bound 
peroxidase conjugate inversely proportional to the concentration of 
cortisol in the sample. After addition of the substrate solution, the 
intensity of colour developed inversely proportional to the concentra-
tion of cortisol in samples.  
Content of the kit  
-  Microtiter plate, 96 wells coated with anti-cortisol antibody 
(monoclonal). 
-  Standard solution, at concentration of 0, 20, 50, 100, 200, 400, 
800 ng/ml. 
-  Enzyme conjugate, cortisol conjugates to horseradish 
peroxidase. 
-  Substrate solution, Tetramethylbenzidne (TMB). 
-  Stop solution, contains 0.5M H2SO4. 
-  Washing solution. 
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Procedure 
Twenty µl of each standard solution and samples were 
dispensed into each well. Then 200 µl of the enzyme conjugate were 
added to each. Then the plate was gently shaken for proper mixing. 
Then the plate was covered and incubated at room temperature for 1 
hour. The plate was rinsed three times using the washing solution. 100 
µl of substrate solution were pipetted into each well and incubated for 
15 min at room temperature. The reaction was stopped by adding 100 
µl of the stop solution. 
The absorbance was read at 450 nm using ELISA reader. 
Calculation of results 
       Results have been calculated automatically using a 4 PL (4 
Parameter Logistics) curve fit. The concentration of samples was read 
directly from the standard curve. Samples with concentration higher 
than that of the highest standard have been diluted. 
2.3.2.2 Estimation of insulin 
       Insulin level was determined according to Midgley et al. (1969) 
using Insulin- Radio Immune Assay (RIA) Kit-IMK-414 (Beijing, 
China). 
Principle of the test 
       The insulin-radioimmunoassay method depends on the 
competition between iodine-125 (125I) labelled insulin and insulin in 
the sample (or in standard) for the limited number of binding site on 
insulin specific antibody. After incubation for a fixed time, separation 
of bound from free achieved by the PEG- accelerated double- 
antibody procedure. The tube then counted in a gamma counter, the 
counts being inversely related to the amount of insulin present in the 
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sample. By measuring the proportion of iodine-125 (125I) labelled 
insulin bound in the presence of varying known amounts of insulin 
standard, the concentration of insulin in unknown samples can be 
determined.   
Content of the kit 
- 1 vial freeze- dried- iodine- 125 labelled insulin (red). 
- 6 vials of freeze- dried insulin standards 5, 10, 20, 40, 80 and 
180 mIU/ml. 
- 1 vial of buffer. 
- 1 bottle of 52.0 ml separating agent solution. 
Assay 
Hundred µl of aliquots buffer, insulin standard or unknown 
sample was pipetted in test tubes, and then 100 µl of insulin antibody 
solution was added to all tubes. 100 µl of iodine- 125 labelled insulin 
solution was added to each tube. After mixing, all tubes were 
incubated at 37˚C for two hours. 500 µl of the separating agent was 
then added and incubated at 37˚C for 15 minutes. All tubes were 
centrifuged at 1500 Xg for 15 minutes. The supernatant was carefully 
decanted. All tubes were then counted in gamma counter. 
Calculations 
Results can be calculated using linear logarithm. 
NSB – background count per minute (cpm) X 100 NSB %= Total count – background cpm 
 
Zero standard cpm – NSB (cpm) Maximum binding (B0)% = Total count cpm - Background cpm 
 
B Standard (or sample) cpm – NSB cpm Minimum binding B0 
= Zero standard cpm- NSB cpm X 100 
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By plotting in linear logarithm coordinate the percent values of 
each standard on the vertical axis against the insulin concentration in 
the horizontal axis. A curve approximating the path of these six point 
is the standard curve. Insulin concentration of the unknown sample 
was then estimated from the curve by interpolation.  
2.4 Methods of the statistical analysis  
1. Statistical software SPSS has been used to get the means and 
standard errors by utilizing the one sample t- test. 
2. The experimental design analysis and the mean separation test 
were obtained using the computer package SAS, (1982), 
software utilizing completely randomized design analysis and 
Duncan's multiple range test for mean separation.     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 39
CHAPTER THREE 
RESULTS 
 
 Means of all parameters were presented in forms of tables and 
figures. Serum glucose, insulin and cortisol levels were presented as 
mean ± SE for all the groups at the zero time and at various intervals. 
3.1 The effect of feeding Nigella sativa commercial oil on Serum 
glucose level in sheep 
 The serum glucose level is shown in table 4 and figure 2. 
Before feeding commercial oil of Nigella sativa, serum glucose 
showed no significant differences between the two groups; although 
group T showed a slightly higher level of serum glucose which was 
not significantly different compared to control. After feeding N. sativa 
commercial oil to the treated group for 3 weeks, there was also no 
significant difference compared to time zero in the two groups, but 
group T showed a significantly (P< 0.05) higher glucose level 
compared to group C. There was a significant (P< 0.05) decrease 
observed at the end of week 6 in group T compared to time zero while 
in group C the decrease was not significant at the end of week 6 
compared to time zero. Results showed that the gradual (non 
significant) reduction in serum glucose level in the control group was 
not observed in the treated group and only a sudden significant       
(P< 0.05) reduction was observed after 6 weeks from the start of the 
treatment.     
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Table (4): The effect of feeding commercial oil of Nigella sativa on 
serum glucose (mg/dl) in sheep. Mean ± SE (n=6) 
Group Time zero Week 3 Week 6 
Aa Ab Aa C 
 48.42 ± (4.45) 46.97 ± (2.07) 40.19 ± (3.63) 
Aa Aa Ba T 59.65 ± (2.78) 59.36 ± (2.37) 42.63 ± (2.75) 
 
Means in the same row with different capital letters are significantly 
different at (P< 0.05). 
Means in the same column with different small letters are significantly 
different at (P< 0.05). 
n= Number of replicates 
T= Treated group fed N. sativa 
C= Control group  
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Figure (2): The effect of feeding commercial oil of Nigella sativa 
on serum glucose (mg/dl) in sheep. 
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3.2 The effect of feeding Nigella sativa commercial oil on serum 
hormones levels in sheep 
3.2.1 Cortisol 
 The serum level of cortisol is presented in table 5 and figure 3. 
As a general observation, the level of cortisol showed no significant 
change throughout the experimental period when the two groups were 
compared. Fluctuated level of serum cortisol was observed in group T 
which showed slight decrease followed by slightly non significant  
increase at the end of week 6 compared to week 3. In group C a 
slightly non significant decrease was observed in week 3 and week 6 
compared to time zero.  
3.2.2 Insulin 
 The level of insulin is shown in table 6 and figure 4 for the 
treated and the control groups. After feeding the commercial oil of N. 
sativa no significant differences between the two groups was 
observed. At time zero there was no significant difference between the 
treated and control group, but the treated group showed slightly higher 
level compared to control group. Then the control group showed a 
gradual slight increase in insulin level till the end of experiment. In 
the treated group after feeding N. sativa oil there was slight increase in 
week 3 compared to time zero, but this was followed by slight 
decrease in week 6 compared to week 3, while there was no 
significant increase at the end of week 6 compared to the time zero. 
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Table (5): The effect of feeding commercial oil of Nigella sativa on 
serum cortisol (ng/ml) in sheep. Mean ± SE (n=6) 
Group Time zero Week 3 Week 6 
Aa Aa Aa C 
35.17 ± (9.94)  34.67 ± (3.88) 27.00 ± (8.23) 
Aa Aa Aa T 58.33 ± (11.01) 43.33 ± (8.59) 57.17 ± (10.77)
 
Means in the same row with different capital letters are significantly 
different at (P< 0.05). 
Means in the same column with different small letters are significantly 
different at (P< 0.05). 
n= Number of replicates 
T= Treated group fed N. sativa 
C= Control group  
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Table (6): The effect of feeding commercial oil of Nigella sativa on 
serum insulin (ml U /L) in sheep. Mean ± SE (n=6) 
Group Time zero Week 3 Week 6 
Aa Aa Aa C 
5.72 ± (1.67) 10.61 ± (2.46) 11.90 ± (4.79 
Aa Aa Aa T 6.20 ± (0.98) 11.30 ± (2.55) 10.69 ± (1.95) 
 
Means in the same row with different capital letters are significantly 
different at (P< 0.05). 
Means in the same column with different small letters are significantly 
different at (P< 0.05). 
n= Number of replicates 
T= Treated group fed N. sativa 
C= Control group  
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Figure (3): The effect of feeding commercial oil of Nigella sativa 
on serum cortisol (ng/ml) in sheep. 
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Figure (4): The effect of feeding commercial oil of Nigella sativa 
on serum insulin (ml U/l) in sheep. 
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3.3 The effect of feeding Nigella sativa commercial oil on body 
weight gain in sheep 
 The bodyweight gain values in the control and N.sativa fed 
groups are shown in table 7 and figure 5. Feeding N. sativa oil showed 
no significant effect when the two groups were compared, also when 
the control group weight gain was compared to  time zero, but a 
significant (P< 0.05) increase in body weight gain at the end of the 
experiment compared to time zero was observed in the treated group.  
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Table (7): The effect of feeding commercial oil of Nigella sativa on 
body weight (kg) in sheep. Mean ± SE (n=6) 
Group Time zero Week 6 
Aa Aa C 
18.83 ± (2.06) 23.67 ± (1.84) 
Ba Aa T 19.00 ± (1.77) 24.75 ± (0.89 
 
Means in the same row with different capital letters are significantly 
different at (P< 0.05). 
Means in the same column with different small letters are significantly 
different at (P< 0.05). 
n= Number of replicates 
T= Treated group fed N. sativa 
C= Control group 
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Figure (5): The effect of feeding commercial oil of Nigella sativa 
on body weight (kg) in sheep. 
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CHAPTER FOUR 
DISCUSSION 
 
 Nigella sativa (N. sativa) belong to the botanical family of 
Ranunculaceae and commonly grows in Europe, Middle East and 
Western Asia. Seeds of N. sativa are frequently used in folk medicine 
in the Middle East and some Asian countries for promotion of good 
health and treatment of many ailments. The effect of feeding N. sativa 
commercial oil on serum glucose, insulin, cortisol levels and body 
weight in normal male sheep was studied in this work. 
4.1 The effect of feeding N. sativa commercial oil on serum glucose 
level  in sheep 
 Glucose is the most important carbohydrate in mammalian bio-
chemistry because nearly all carbohydrates in food are converted to 
glucose for further metabolism. Blood glucose is derived from the 
diet, gluconeogenisis and from glycogenolysis.    
        N.sativa seeds were known to reduce blood glucose  level in 
different animal spieces (Haddad et al.,2003).                                                      
 In the present study, after feeding the commercial oil of 
N.sativa to the treated group, in week 3 there was no significant 
different compared to time zero, but significant (P< 0.05) decrease 
compared to time zero was noticed by the end of the experiment 
period. These results were in line with previous studies conducted in 
monogastric animals. Zaoui et al. (2002)  suggested that the daily 
gavage of hexane extract of N. sativa seeds in Wistar-kyoto rats for 12 
weeks had reduced blood glucose level. Farah, (2001) found that 
feeding N. sativa seeds to rabbits in different doses mixed with their 
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feed had slightly deceased serum glucose level in all treated groups. 
These results were in line with report of  A/Albagi, (2005), who 
reported that feeding of 15% black cumin to normal and diabetic 
rabbits lead to non-significant reduction in glucose, total lipids, total 
cholesterol, phospholipids, triacylglycerols and very low density 
lipoprotein cholesterol compared to the control group. Sinada, (2007) 
found that feeding crushed N. sativa seeds to broilers had showed 
significant decrease on blood glucose levels in the treated groups 
compared to the control group. Eskander et al. (1995) and El 
Shabrawy et al. (1996) reported the hypoglycemic effect of N. sativa 
in combination with other herbs in alloxan-induced diabetic rats. Also 
a significant decrease in blood glucose of healthy human volunteers 
treated with 1 gram of N. sativa capsules twice daily was reported by 
Bomasa et al. (1997). Al-Awadi et al. (1991), studied the 
hypoglycemic effect of a plant mixture including N. sativa and 
reported that it has a good glucose lowering effect. The volatile oil of 
N. sativa was studied by Alhader et al. (1993) and showed a 
significant hypoglycemic effect. Moreover, Mkaleem et al. (2006)  
demonstrated the anti-diabetic effect of N. sativa seeds when used as 
ethanolic extract. Their result confirmed the anti-diabetic activity of 
N. sativa seeds and suggested that because of its antioxidant effect, it 
may be used in controlling the diabetic complications.  
           The present study proved that supplementation of commercial 
oil of N. sativa significantly reduce blood glucose in sheep. The 
mechanism of glucose reduction was reported by Kamal, (2006), who 
suggested that N. sativa seeds induce preserving pancreatic B-cell 
integrity, thus attributing to increased glucose metabolism, by 
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increasing the serum insulin. On the other hand, Farah et al. (2004) 
suggested that the reduction of blood glucose from 391 mg/dl before 
treatment to 179 mg/dl after treatment in hamsters is due significantly 
to the low hepatic glucose production from gluconeogenic precursors. 
Findings of the present work suggest that the active ingredient in 
N.sativa that reduces blood glucose level was not affected by rumen 
digestion to fats.   
4.2 The effect of feeding N. sativa commercial oil on hormones    
4.2.1 Cortisol 
 Danish, (1998) reported that cortisol, a glucocorticoid hormone 
has many effects on glucose metabolism by stimulating gluco-
neogenisis in the liver through mobilization of amino acids from 
muscles to liver and through increasing enzymatic system of 
gluconeogenisis. Moreover, cortisol decreases the rate of glucose 
utilization, so blood glucose level will increase (adrenal diabetes). 
These also recorded by Gyton, (1966) who concluded that the 
decrease of cortisol will decrease the level or blood glucose 
concentration. Moreover, the decrease of cortisol will increase muscle 
glycogen. Lavalle, (2001) also reported that, cortisol stimulate glucose 
release into blood stream which is in turn creates an excessive release 
of insulin.  
 In the present study, after feeding N. sativa commercial oil to 
the treated group, in week 3 it showed slight non-significant decrease 
in cortisol level compared to time zero, followed by slight non-
significant increase at the end of the experiment compared to week 3. 
However, this was still lower when compared to time zero. These 
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findings suggest that serum cortisol levels were not affected by 
feeding commercial oil of N. sativa. 
 These findings agree with Sinada, (2007), who found that 
feeding N. sativa crushed seeds mixed with commercial ration to 
broiler chicks in different doses resulted in non-significant differences 
of cortisol levels in the treated groups compared to the control group. 
Also Kalus (2003) reported that administration of N. sativa to patients 
with allergic disease, showed no significant effect on serum total 
cortisol. This finding is contradictory to that of Kamal, (2006) who 
reported that administration of water extract of N. sativa to rats 
resulted in a decrease in cortisol level. 
4.2.2 Insulin  
 Insulin is a hormone that affects the carbohydrates metabolism 
by enhancing the rate of glucose metabolism, decreasing blood 
glucose concentration and increasing glycogen storage in tissues. 
Gyton, (1966), presented the feed back mechanism between glucose 
and insulin, when glucose concentration becomes elevated, the excess 
glucose acts directly on the islets of langerhans to increase their 
secretion of insulin. Almost immediately, more insulin become 
available to cause glucose transport into most cells of the body, and 
this reduces the blood glucose level back towards normal. 
 In the present work, after feeding N. sativa commercial oil to 
the treated group there was a slight increase in insulin level at week 3 
compared to time zero, followed by slight decrease at the end of week 
6. So there was a slight increase in insulin level at the end of week 6 
compared to time zero. These findings could agree with Ezzat, (1994), 
who reported significant increase in insulin level in serum after 
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administrating aqueous extract of N. sativa seeds orally under light 
ether anesthesia for 7 and14 days to rats. This may result from 
stimulatory effect of N. sativa on beta cells of islets of langerhans  
(Al-Awadi et al., 1985). El-Dakhakhny et al. (2002) presented the 
evidence for hypoglycemic action of the volatile oil in streptozotocin-
treated diabetic rats, but neither the oil nor the volatile constituents 
affected insulin secretion from isolated pancreatic islets. This suggest 
that the slight increase and decrease of insulin level in week 3 and 6, 
respectively compared to time zero in the treated group may not be 
affected by N. sativa commercial oil. 
 Petroleum ether extract of N. sativa seeds exerted insulin-
sensitizing action in rats' hepatocytes, by mechanism of enhancing the 
activity of intracellular signal transduction pathways of hormone's 
receptor, hence increase the insulin levels (Virkamaki et al., 1999; 
Phoung et al., 2001).  
 The increase in serum insulin level was also observed by Farah, 
(2002), who suggested that increase in serum insulin levels resulted 
from stimulatory effect on B-cell function, indicating that N. sativa 
has insulinotropic properties. Similarly, Halit et al. (2002) reported 
that N. sativa treatment had increased the lowered insulin levels in 
rats. Moreover, Rchid et al. (2005) and Sinada (2007) reported that 
using of different doses of N. sativa had caused significant increase in 
serum insulin levels. In contrast, Al Hader et al. (1993) reported that 
the volatile oil of N. sativa had produced a significant hypoglycemic 
effect on normal and alloxan-induced diabetic rabbits without changes 
in insulin levels. 
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4.3 The effect of feeding N. sativa commercial oil on body weight 
of sheep 
 In the present study there was a significant (P< 0.05) increase in 
body weight gain at the end of the experiment compared to the level 
of time zero in the treated group. Previous studies showed that N. 
sativa aqueous extract normalized body weight in the obese diabetic 
rats (Labhal et al., 1997; 1999). Also Zaoui et al. (2002) found that 
the fixed oil of N. sativa slow growth rate of normal rats. Another 
study on broiler chicks reported that N. sativa diets did not adversely 
affect growth (Alhomaidan et al., 2002). Similarly Sinada, (2007) has 
recently reported that the live weight gain in broiler chicks was not 
affected by crushed N. sativa seeds mixed with commercial ration 
compared to the control group. These results are contradictory to the 
present result which showed a significant increase in body weight gain 
in sheep. This could be attributed to the observed increase in feed 
intake in the treated group, and may suggests that the commercial oil 
of N. sativa could have appetizer effect. 
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CONCLUSION 
 
 In the present study, the application of commercial oil of 
Nigella sativa to the diet of male sheep, significantly decreased the 
levels of serum glucose, and slightly increased the level of serum 
insulin, suggesting that this seeds could have a hypoglycemic agent to 
reduce blood glucose level in ruminants similar to what reported in 
monogastric animals. This indicate that the rumen atmosphere does 
not affect the active ingredient. The level of serum cortisol was not 
affected by the treatment. Moreover, the dietary application of N. 
sativa significantly increased body weight gain in sheep. 
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